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1. 


Abstract 


This  technical  report  serves  as  an  appendix  to  a  recent  article  by  Byrne  and 
Sholkovitz  (1996)  in  the  Handbook  on  the  Physics  and  Chemistry  of  Rare  Earths  (vol.  23, 
chapter  158,  pg.  497-592)  edited  by  K.  A.  Gschneidner  Jr.  and  L.  Eyring  and  published  by 
Elsevier  Science.  This  article.  Marine  Chemistry  and  Geochemistry  of  the  Lanthanides, 
discusses  the  physical  chemistry  of  the  lanthanides  in  natural  waters,  describes  the  major 
features  of  the  lanthanides  in  rivers,  estuaries  and  oceans  and  discusses  the  chemical  and 
biogeochemical  processes  controlling  the  speciation  and  distribution  of  the  lanthanides  in 
the  ocean. 

The  article  by  Byrne  and  Sholkovitz  (1996)  refers  to  a  large  set  of  published  and 
unpublished  data  on  the  rare  earth  (RE)  composition  of  rivers,  estuaries,  seawater,  marine 
pore  waters  and  marine  hydrothermal  waters.  In  order  to  conserve  space  in  the  Handbook 
article,  a  compilation  of  concentration  data  for  natural  waters  will  be  presented  in  this 
report.  Publications  through  1995  are  cited. 
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Introduction 


This  technical  report  serves  as  an  appendix  to  a  recent  article  by  Byrne  and 
Sholkovitz  (1996)  in  the  Handbook  on  the  Physics  and  Chemistry  of  Rare  Earths  (vol.  23, 
chapter  158,  pg.  497-592)  edited  by  K.  A.  Gschneidner  Jr.  and  L.  Eyring  and  published  by 
Elsevier  Science.  This  article,  Marine  Chemistry  and  Geochemistry  of  the  Lanthanides, 
discusses  the  physical  chemistry  of  the  lanthanides  in  natural  waters,  describes  the  major 
features  of  the  lanthanides  in  rivers,  estuaries  and  oceans  and  discusses  the  chemical  and 
biogeochemical  processes  controlling  the  speciation  and  distribution  of  the  lanthanides  in 
the  ocean.  The  focus  of  this  article  is  on  rivers,  estuaries  and  the  oceans;  this  includes  a 
discussion  of  pore  waters  and  hydrothermal  waters.  The  extensive  literature  on  the 
lanthanide  geochemistry  of  marine  sediments  is  not  discussed. 

The  article  by  Byrne  and  Sholkovitz  (1996)  refers  to  a  large  set  of  published  and 
unpublished  data  on  the  rare  earth  (RE)  composition  of  rivers,  estuaries,  seawater,  pore 
waters  and  hydrothermal  waters.  In  order  to  conserve  space  in  the  Handbook,  this 
compilation  of  data  will  be  presented  in  this  report.  Each  section  of  this  report 
corresponds  to  a  section  number  in  the  Handbook  article  of  Byrne  and  Sholkovitz  (1996). 
The  identification  of  tables  in  both  the  Handbook  article  and  in  this  technical  report  will  be 
the  same,  that  is  tables  A1  through  A14.  These  tables  appear  in  the  same  order  as  they  are 
referred  to  in  the  Handbook  chapter.  After  going  to  press  with  Byrne  and  Sholkovitz 
(1996),  it  was  decided  to  delete  Table  A4  from  this  technical  report.  Table  A4  was  meant 
to  sort  and  to  list  the  various  studies  of  RE  in  the  published  literature  by  ocean  basin  (e.g., 
Atlantic,  Pacific,  Indian).  The  reference  list  in  this  technical  report  is  formatted  to  cover 
this  type  of  bibliography. 

Most  of  the  data  in  tables  A1-A14  refer  to  either  the  dissolved  concentrations  of 
rare  earths  or  to  the  RE  concentration  of  unfiltered  seawater.  In  a  few  specific  cases,  data 
has  been  reported  for  the  suspended  particulate  matter.  Each  table  will  indicate  the  type 
of  filtration  used  to  yield  the  dissolved  fraction  for  RE  analyses;  most  samples  refer  to 
filtrates  passing  through  either  0.45  or  0.2  pm  membrane  filters.  All  concentration  data 
for  water  samples  (filtered  or  unfiltered)  are  given  in  units  of  pmol/kg  of  water. 

Particulate  RE  data  have  units  of  either  pmol/kg  of  water  or  ppm  with  respect  to  the 
weight  of  particles. 

The  geographical  location  of  the  oceanic  data  presented  in  this  report  can  be  found 
by  referring  to  the  map  in  figure  1.  Each  table  in  this  technical  report  contains  a  map  # 
which  can  be  traced  to  the  same  map  #  in  figure  1.  This  map  appears  as  figure  13  in  the 
Handbook  article. 

Microsoft  EXCEL  (PC,  6.0)  files  of  tables  A1-A14  are  available  on  request  to  the 
author  of  this  report.  Table  1  lists  the  names  of  each  EXCEL  file  in  the  different  “A” 
tables.  The  EXCEL  file  name  of  each  sub-table  also  can  be  found  at  the  beginning  of  each 
section  and  on  each  of  the  printed  sub-tables  in  this  report. 
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Table  1 

List  of  EXCEL  File  Names  in  the  Tables  Al-14. 

Table  Al;  Section  5.1  of  Handbook  -  Lanthanide  composition  and  aquatic 
chemistry  of  river  water 

File  name:  RIV_DIS.XLS.  Compilation  of  dissolved  RE  concentrations  of 
river  water. 

Table  A2:  Section  5.1  of  Handbook  -  Lanthanide  composition  and  aquatic 
chemistry  of  river  water 

File  name:  RIV_PART.XLS.  Compilation  of  RE  concentrations  of  river 
suspended  particles  and  sediments. 

Table  A3:  Section  5.2  of  Handbook  -  The  estuarine  chemistry  of  the  lanthanides. 

File  name:  GWHALE.XLS.  Great  Whale  River  estuary,  Quebec 

File  name:  GIRONDE.XLS.  Gironde  River  estuary,  France 

File  name:  AMAZON.XLS.  Amazon  River  Estuary,  Brazil 

File  name:  CBAYSE.XLS.  Surface  waters,  subsurface  waters  and  shelf 
waters  of  Chesapeake  Bay 

File  name:  CBAY92.XLS.  Chesapeake  Bay  bottom  water  time-series 

File  name:  FLY.XLS.  Fly  River  estuary,  Papua  New  Guinea. 

File  name:  ELDERF.XLS.  Data  from  a  suite  of  estuaries  presented  in 
Elderfield  et  al.  (1990) 

Table  A4:  Not  applicable,  see  text 

Table  A5:  Section  6.1  of  Handbook.  Atlantic  Ocean  seawater 

File  name:  NdSm_A.XLS.  Concentration  of  Nd  and  Sm  only  for  the 
Atlantic  Ocean. 
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Table  1  Cont’d 


Table  A6:  Section  6.1  of  Handbook.  Atlantic  Ocean  seawater 

File  name:  ASW_CONC.XLS.  Concentration  of  RE  in  the  Atlantic  Ocean. 

File  name:  SARG_DIS.XLS.  Concentration  of  dissolved  RE  in  the  Sargasso  Sea 
from  Sholkovitz  et  al.  (1994) 

File  name:  SARG_PAR.XLS.  Concentration  of  suspended  particles  in  the 
Sargasso  Sea  from  Sholkovitz  et  al.  (1994).  Data  on  the  chemical 
leaching  of  particles  [acetic  acid,  strong  mineral  acid  and 
bomb/strong  acid  dissolution].  Data  in  per  kg  of  seawater 

Table  A7:  Handbook  section  6.1.  Pacific  Ocean  seawater 

File  name:  PSW_CONC.XLS.  Concentration  of  RE  in  Pacific  Ocean 

seawater 

Table  A8:  Handbook  section  6.1.  Indian  Ocean  seawater 

File  name:  IND_CONC.XLS.  Concentration  of  RE  in  Indian  Ocean 
seawater 

Table  A9:  Handbook  section  6.1.  Pacific  Ocean  seawater 

File  names:  HEl.XLS,  HE2.XLS  and  HE3.XLS 

H.  Elderfield’s  unpublished  data  on  the  concentration  of  RE 
in  Pacific  Ocean  seawater 

Table  AlO:  Handbook  section  6.1.  Arctic  Ocean  seawater 

File  name:  ARC_CONC.XLS.  Concentration  of  RE  in  Arctic  Ocean 
seawater  (North  Atlantic  sector) 

Table  All:  Handbook  section  6.1  and  7.1.  Mediterranean  Sea. 

File  name:  MED_CONC.XLS.  Concentration  of  RE  in  the  Mediterranean  Sea, 
including  the  anoxic  brines  of  Bannock  Basin 
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Table  1  Cont’d 


Table  A12:  Handbook  section  7.1.  Anoxic  Basins 

File  name:  BLACKSEA.XLS.  Concentration  of  RE  in  the  Black  Sea 

File  name:  SAANICH. XLS.  Dissolved  and  suspended  concentrations  of  RE  in 
Saanich  Inlet,  British  Columbia,  Canada 

File  name:  CARIACO.XLS.  Concentration  of  RE  in  the  Cariaco  Trench. 

See  also  Chesapeake  Bay  data  in  Table  A3  files 

Table  A13:  Handbook  section  7.2.  Marine  Pore  Waters 

File  name:  PW_REE.XLS.  Concentration  of  RE  in  pore  waters 

Table  A14:  Handbook  section  7.3.  Marine  hydrothermal  vent  waters 

File  name:  VENTS.XLS.  Concentration  of  RE  in  the  hydrothermal  waters  of  the 
Atlantic  and  Pacific  Oceans. 
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Table  Al:  Section  5.1  of  Handbook  -  Lanthanide  composition  and  aquatic 
chemistry  of  river  water 

File  name:  RIV_DIS.XLS.  Compilation  of  dissolved  RE  concentrations  of 
river  water. 


riv_dis.xls 

Concentrations  of  River  Water: 

Dissolved,  Colloidal  and  Ultrafiltrated  Fractions 

La 

Ce 

Nd 

Sm 

Eu 

Gd 

Dy 

Er 

Yb 

Lu 

Er/Nd 

_ [I 

3mol/k 

g] _ 

1  Goldstein  and  Jacobsen  (1988a) 

Amazon 

0.45 

532 

1514 

880 

229 

52 

193 

99.3 

88.4 

Great  Whale 

0.22 

1634 

2405 

1158 

158 

25.1 

105 

68.3 

34.4 

33.2 

5.38 

Indus 

0.22 

20.9 

17.2 

22.2 

4.72 

1.45 

7.69 

5.68 

5.43 

0.97 

Isua-F 

0.22 

Mississippi. 

0.22 

Ohio 

Pampanga 


8708 

3134 

482 

71.1 

320 

223 

105 

83.2 

12.1 

69.1 

138 

29.9 

7.3 

46.5 

39.1 

35.0 

Shinano 

0,22 

Avg.  River 

Elderfield  et  al.  (1990) 

Amazon 

0.45 

Connecticut,  27.04.83 

1 

Connecticut,  28.04.84 

1 

Mullica,  24.04.84 

0.45 

Mullica,  24.04.85 

0.45 

Delaware.  29.04.84 

0.45 

45.4  74.9 
30.8  67.7 


222  460  283  71.9  17.5  70.8  50.5  35.2 


{date,  salinity  after  name  of  each  river} 


4340 

2240 

422 

81.4 

348 

269 

140 

132 

17.6 

0.063 

4970 

o 

o 

o 

CO 

602 

127 

340 

247 

190 

29.4 

0.082 

Delaware,  29.04.85, 0.05 
Tamar,  17.04.85 
Tamar,  12.08.85,  0.04 


Tamar.  12.08.85, 0.043 
Tamar,  12.08.85. 0.044 


135 

168 

124 

28.6 

6.69 

37.1 

33.3 

22.3 

28.7 

4.65 

310 

745 

722 

176 

41.9 

182 

124 

68.5 

62.2 

10.1 

577 

1010 

914 

238 

59.5 

255 

174 

98 

95.2 

15.6 

Tamar,  12.08.85,  0.049 

0.4 

5 

640 

854 

218 

53.6 

150 

82.8 

84.5 

12.7 

0.097 

Tamar,  12.08.85,  0.064 

0.4 

5 

400 

319 

74.4 

333 

204 

93.6 

14,1 

Tamar.  19.08.85, 0.02 
Tamar.  19.08.85, 0.02 


Tamar.  19.08.85, 0.02 
Tamar.  19.08.85, 0.04 


Swale  02.02.86 


Dove,  02.02.86 
Warfe,  02.02.86 
Rye,  02.02.86 
Nidd,  02.02.86 


Derwent.  02.02.86 


IKglililEHiMi 


258 

241 

57 

13.7 

62.4 

39.9 

24.7 

27.3 

4.31 

307 

212 

49.7 

11.8 

34.4 

22 

24.6 

4.27 

557  1 11301  670  I  151  I  33.2  I  150  I  113  I  59.1  I  53.9  I  8.06 


Derwent,  08.02.86 

0.45 

low  flow 

45.6 

11.3 

54.6 

39.2 

22.8 

18.4 

3.2 

0.120 

RIV  DIS.XLS 


Elderfield  et  al.  (1990)  -cont’d 
Ribble,  16.04.86  I  0,45 
Hodder,  16.04.86  0.45 


Conwy.  02.05.86 _ 0. 

Water  ofLuce,  19.02.87 


Water  of  Luce,  19.02.87 

2 

Water  of  Luce,  19.02.87 

0.45 

Water  of  Luce,  1 9.02.87 

0.2 

Sholkovitz  (1995) 

Mississippi 

Ce  Nd  Sm  Eu  Gd  Dy  Er  Yb  Lu 

2990  2320 ' 526  139  ~501  ~3^~176  107 

3160  2150  484  122  401  340  150  125  18.7 

430  372  115  28.9  _ 57^ _ 

1950  1330  269  53.5  301  200  110  175 


1930  1340  271  53.2  293  195  115  175  _ 

1790  1340  270 _ 300  199  107  156  _ 

1250  927  193  41.6  145  79.3  122 


Vicksburg  (#484) 

0.22 

59.9 

52.5 

80 

19.9 

4.26 

27 

27.1 

25.4 

25.3 

3.51 

Aug.  1993 

Sholkovitz  (unpubl.) 

Mississippi,  (#595)^ 
COMUS  III,  6/4/1994^^ 


0.22  !  39  46  64.3  17.1  3.91  23.7  28.6  26.4  22.8  3.06 


Mississippi,  (#611) 

0.22 

COMUS  III  .3  June  1994 

79.6  19.6 


29.7  26.0  22.2  2.95 1 


Mississippi,  (#612) 

0.22 

COMUS  III,  6/4/1994 

Achafayla  R.  (#596) 

0.22 

COMUS  III, '6  June  1994 

^  Sample  #1.0. 

cruise  name,  date 

I  76.2  I  18.2  I  4.3  |  27.8  |  28.6  |  25.9  |  22.5  I  3.08 


75.8  I  96.8  I  24.2  5.53  |  29.7  I  28.5  I  19.7  I  11.9  1.35 


Sholkovitz  (1993) 

Amazon,  Aug.  1989 
Amazon,  Aug.  1989 

Shoikovitz  (unpubf,) 
Fly  River  (PNG) 


0.22  373 

0.22  305 


930  579  146  35  150  130  70.4  56.8  7.25 

754  471  123  29.8  137  111  61.3  50.2  "6^ 


Jan'94  Sta  605  (#562) 

0.22 

108 

252 

178 

50.3 

13.9 

55.5 

39.6 

18.6 

13.6 

1.7 

0.104 

Jan'94  Sta  605,  (#566) 

0.22 

108 

260 

178 

51 

8.4 

57 

38.8 

16 

13.8 

1.69 

0.090 

Sholkovitz  and  Elderfield  (1988)  { 

1  Susquehanna  River 

0.22 

62.6 

103 

86.5 

21.4 

5.25 

29.3 

32.6 

24.3 

24.1 

4.12 

0.281 

(Chesapeake  Bay) 
Aug. 1985 
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Sholkovitz  (1992, 1995) 

17-Jun-91  r 


Ce  I  Nd  I  Sm 

Connecticut  River 


#80 

0.45 

195 

292 

1  180 

#81 

0.22 

78.8 

85.8 

#83 

0.025  (1 

38.8 

45.6 

#84 

0.025  (2 

42.6 

43.8 

48.6 

22-Sep-91 

#105 

0.45 

168 

222 

178 

#106 

0.22 

154 

196 

166 

#107 

0.025 

101 

122 

112 

#108 

0.025 

95.3 

119 

109 

36.0  6.92  38.1 


2.08  16.9 


Dy 

Er 

Yb 

Lu 

27.9 

21.6 

27.6 

4.67 

15.9 

14.8 

22.6 

4.08 

11.8 

13.1 

21.3 

3.87 

Er/Nd 


20  JULY  1992 
#224 


#223 


#222 


<50K 


0.22 


<d 

CO 

7.05 

40.3 

33.5 

6.52 

37.3 

24.4 

4.72 

29.2 

23.5 

4.61 

28.7 

3.95 

0.90 

8.57 

6.33 

1.38 

11.9 

27.6  5.72 


#339 

<5K 

74.4 

87.3 

17.1 

3.58 

27.2 

19.1 

1 

18.5 

1 

mi 

5.00 

0.212 

#340 

<50K 

163 

179 

33.0 

7.60 

50.4 

34.6 

1 

28.9 

1 

40.0 

5.60 

0.161 

#394 

0.22  urn 

680 

576 

89.4 

19.6 

114  ! 

87.7 

L 

59.8 

1 

8.83 

Sholkovitz  (1992, 1995) 

23  Oct.  1992 

1  Ultrafiltrates* 

Hudson  River  | 

#289 

|<5K(1)** 

110 

111 

20.8 

5.42 

34.5 

26.4 

22.2 

22.4 

2.77 

#308 

102 

109 

21.9 

4.31 

32.2 

24.7 

18.0 

21.9 

2.95 

#303 

<50K 

213 

209 

41.4 

8.22 

60.1 

46.5 

30.3 

34.7 

4.00 

0.025 

0.22 

Colloids* 

>50K 

>5K(1)** 

>5K(2) 


12.6  89.9  62.8 


78.8  17.0 


81.6  49.5 


2843  2547  492  88.1  593  401  227  221  27.9  0.089 

4142  3903  719  132  981  654  390  363  45.8  0.100 

4071  3901  719  144  1028  642  391  370  47.9  0.100 


Colloids 

ConnR.  20  July  1992 


_ #225 _ 

_ #226 _ 

ConnR.  17  Dec.  1992 


#343 


#344 


657 

165 

837 

622 

359 

360 

46.8 

*  ultrafiltrate  | 

**retentate  from  ultrafiltration 

***,  filter  size  in  unit  of  urn  except  for  ultrafiltration  where  nomimal 

t  molecular  wt.  cuts  are  used 
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Table  A2:  Section  5.1  of  Handbook  -  Lanthanide  composition  and  aquatic 
chemistry  of  river  water 

File  name:  RrV_PART.XLS.  Compilation  of  RE  concentrations  of  river 
suspended  particles  and  sediments. 
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riv_part.xls 


Rivers:  Suspended  Particles  and  Sediments 


Tb  Dy 


La  Ce  Pr  Nd  Sm 


Goldstein  and  Jacobsen  (1988a),  [TIMS 

Amazon  I  35  73 _ 33  5.9 

Gr.  Whale  52  103  39  5.8 


[ppm: 

Sm  I  Eu 


Shinano 


Avg.  River 


Martin  et  al.  (1976),  [INAA] 


Mekong 

Garrone 


Martin  and  Maybeck  (1979),  [INAA] 

Amazon 

48 

112 

Congo 

50 

90 

Danube 

28 

65 

Ganges 

42 

98 

48 

Garonne 

44 

93 

8.2 

36 

Magdelena 

37 

Mekong 

48 

93 

8.5 

47 

Parana 

50 

9.7 

1.8 

1.5 

9.7 

1.2 

5,4 

1.5 

5.3 

6.2 

1.1 

6.1 

9.7 

1.8 

iO^I 

■m 

6.2 

1.1 

6.1 

iiagmaiacii 

2 

.6 

.7 

Somayajulu  et  al.  (1993),  [INAA]  Indian  Rivers 


#13 

1.2 

EQ 

2 

Gordeev  et  al.,  (1985),  [  INAA]  Amazon  Rivers 


Rio  Negro 

46 

112 

49 

7.6 

1  Clear  Water  Rivers 

55 

132 

60 

12 

Maderla 

44 

92 

37 

5 

Amazon 

44 

114 

42 

8.7 

3.2 

2.8  0.5 


TIMS  =  thermal  ionization  mass  spectrometry 


INAA  =  Instrumental  neutron  activation  analysis 


Sholkovitz  (1995,  unpubl.)  TIMS 

Amazon  |lCP,#420  I  49  I  99  I  T 


Sm  Eu 

Gd 

Tb  Dy 

Ho 

Er 

8.7  1.7 

IBI 

IHIBI 

Miss.  R  TIMS.#494  35  74 


S'd  part,  fusion _ 

V'sBurg  Aug.  1993 


|TIMS,  #583 

35 

74 

35 

7.7 

1.5 

6.7 

Papua  New  Guinea 

S'd  part. 

fusion 

Jan-94 

Fly  R 

1  TIMS,  #581 

71 

!  32 

7.4 

1.4 

6.9 

river  bank  sediment 

2.6 

3 

fusion  =  total  dissolution  of  solid  by  metaborate  fusion  | 

_ 

ICP  =  inductively  coupled  plasma  -emission  spectroscopy  | 

Table  A3:  Section  5.2  of  Handbook  -  The  estuarine  chemistry  of  the 
lanthanides. 

File  name:  GWHALE.XLS.  Great  Whale  River  estuary,  Quebec 

File  name:  G1R0NDE.XLS.  Gironde  River  estuary,  France 

File  name:  AMAZON.XLS.  Amazon  River  Estuary,  Brazil 

File  name:  CBAYSE.XLS.  Surface  waters,  subsurface  waters  and  shelf 
waters  of  Chesapeake  Bay 

File  name:  CBAY92.XLS.  Chesapeake  Bay  bottom  water  time-series 

File  name:  FLY.XLS.  Fly  River  estuary,  Papua  New  Guinea. 

File  name:  ELDERF.XLS.  Data  from  a  suite  of  estuaries  presented  in 
Elderfield  et  al.  (1992) 
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GWHALE.XLS 


gwhale.xls 

Great  Whale  River  (Quebec)  Estuary 

and  Hudson  Bay 

Goldstein  and  Jacobsen 

1988b) 

\*  0.22  urn  filtrate 

Salinity 

La 

Ce 

Nd 

Sm 

Eu 

Gd 

Dy 

Er 

Yb 

Lu 

[pmol/kg] 

0.004 

1634 

2405 

1158 

25.1 

105 

68.3 

34.4 

5.38 

0.37 

1375 

144 

22.5 

59.7 

29.4 

■II^H 

1.69 

711 

540 

76.5 

12.2 

33.4 

19.4 

18.8 

3.00 

3.93 

542 

928 

449 

69.8 

11.0 

29.8 

17.4 

5.22 

384 

785 

384 

60.0 

8.56 

29.3 

19.9 

14.9 

366 

449 

239 

31.1 

5.33 

16.9 

11.1 

226 

139 

20.0 

mm 

17.3 

14.8 

2.12 

■HI 

IHII 

1 

1 _ 211 

170 

123 

100 

15  2.82 

13.9 

13.2 

10.2 

10.1 

GIRONDE.XLS 


Gironde  River  i 

France)  Set 

buarv 

gironde.xls 

Martin  et  a 

(197C 

i) 

trate 

Salinity 

La 

Ce 

Pr 

Nd 

Sm 

Eu 

Tb 

■31 

Ho 

Er 

Tm 

Yb 

Lu 

■■ 

b 

pmol/ 

i] 

0.1  [river] 

344 

564 

52.0 

51.9 

EB 

54 

7.8 

8.7 

25.1 

3.6 

21.0 

3.7 

0.42 

142 

228 

25.6 

mi 

20 

3.9 

■Mi 

■UiSi 

10.6 

68 

iai 

Bl 

11.5 

1.6 

2.2 

liiHy 

6.4 

35.4 

IH 

6.2 

CTiTill 

Ml 

EESI 

EBI 
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Table  A5:  Section  6.1  of  Handbook.  Atlantic  Ocean  seawater 

File  name:  NdSm_A.XLS.  Concentration  of  Nd  and  Sm  only  for  the 
Atlantic  Ocean. 
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Table  A6:  Section  6.1  of  Handbook.  Atlantic  Ocean  seawater 

File  name:  ASW_CONC.XLS.  Concentration  of  RE  in  the  Atlantic  Ocean. 

File  name:  SARG_DIS.XLS.  Concentration  of  dissolved  RE  in  the 
Sargasso  Sea  from  Sholkovitz  et  al.  (1994) 

File  name:  SARG_PAR.XLS.  Concentration  of  suspended  particles  in  the 
Sargasso  Sea  from  Sholkovitz  et  al.  (1994).  Data  on  the  chemical 
leaching  of  particles  [acetic  acid,  strong  mineral  acid  and 
bomb/strong  acid  dissolution].  Data  in  per  kg  of  seawater 
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Sargasso  Sea  Particles 


Sholkovitz  et  al.  (1994) 


acetic  acid  digest  (Ac);  strong  acid  digest;  HF  bomb  digest 
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Table  A7;  Handbook  section  6.1.  Pacific  Ocean  seawater 

File  name:  PSW_CONC.XLS.  Concentration  of  RE  in  Pacific  Ocean 
seawater 
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Table  A8:  Handbook  section  6.1.  Indian  Ocean  seawater 

File  name:  IND_CONC.XLS.  Concentration  of  RE  in  Indian  Ocean 
seawater 
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Depth  La  Ce  Nd  Sm  Eu  Gd  Dy  Er  Yb  Lu 

!♦  Filtered  Water  Samples  [0>4  um  filtrates] _ 


Bertram  &  Elderfield  (1993);  German  &  Elderfield  (1990)  Map  #  22 
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10.79 

4.69 

7.68 

1.57 

0.47 

85 

7.91 

1.61 

0.5 

125 

12 

3.64 

8.6 

1.74 

0.5 

151 

12.1 

3.68 

9.26 

2.17 

0.531 

210 

13.63 

3.87 

9.77 

1.96 

0.557 

3.64  3.5  I  0.61 


43 


44 


45 


ind  conc.xls 


CONC  =  pmol/kg 

Depth 

La 

Ce 

Nd 

Sm 

Eu 

Gd 

Dy 

Er 

Yb 

Lu 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Bertram  &  Elderfleld  (1993) 

2.  Particle  REE  Data 

[pmol/kg  of  water] 

Madagascar  Basin  (Sta  1504) 

300 

Emi 

EliB 

mjimm 

0.032 

0.015 

0.014 

0.002 

500 

mm 

ESS 

0.029 

0.018 

0.012 

0.002 

1180 

0.199 

EES 

0.036 

0.019 

0.015 

0.003 

0.010 

0.048 

0.038 

0.023 

0.019 

0.003 

2515 

EE^fl 

0.053 

0.045 

0.026 

0.021 

0.003 

3100 

liiyn 

0.054 

0.021 

0.003 

3691 

0.002 

4505 

0.435 

1.400 

0.497 

mm 

0.043 

5220 

0.515 

1.430 

0.551 

mm 

0.097 

0.081 

0.043 

0.035 

|Somali  Basin  (Sta  1597) 

75 

0.285 

0.123 

0.154 

EES 

ESS 

0.037 

0-026 

0.025 

0.005 

125 

0.309 

0.504 

0.220 

ESS 

0.066 

0.041 

0.037 

0.006 

365 

0.438 

0.969 

0.352 

0.070 

0.010 

0.056 

0.066 

0.041 

0.037 

0.006 

785 

1.005 

0.473 

0.081 

0.010 

0.080 

0.075 

0.042 

0.037 

0.006 

1300 

0.527 

1.031 

0.440 

0.082 

0.019 

0.079 

0.069 

0.041 

0.037 

0.006 

1805 

0.384 

1.058 

0.068 

0.017 

0.070 

0.036 

0.033 

0.006 

2300 

ESH 

ESSflj 

0.068 

0.011 

0.064 

0.057 

0.032 

0.030 

0.005 

3175 

0.383 

Emi 

0.066 

0.016 

0.029 

0.027 

3999 

0.531 

1.211 

WitKiTM 

0.091 

0.021 

0.117 

0.084 

0.043 

0.032 

0.005 

Table  A9:  Handbook  section  6.1.  Pacific  Ocean  seawater 

File  names:  HEl.XLS,  HE2.XLS  and  HE3.XLS. 

H.  Elderfield’s  unpublished  data  on  the  concentration  of  RE 
in  Pacific  Ocean  seawater 
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HE1.XLS 


48 


HE1.XLS 


49 


HE2.XLS 


50 


HE2.XLS 


he2.xls  1 

1 

^ ^ - 

Map 

21 

fpmol/kgl 
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mm 
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IH 

4.25 
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5 
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5 
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5 
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4.79 

6.44 
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7.81 

5 
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5.60 

6.84 

5 

_ 
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28.3 
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6 
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S 
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■a 
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15.6 

2.65 
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6 
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BfI:W 

6 
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2.75 
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6 
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mm 
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6 
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IH 

H 

HHB 
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7 

o 

116  34. 

B 
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8.10 

■^i 

5.69 

in 
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■ 
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BE 

9 
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B 

El 
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Hi 

mm 
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■B 

11 
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s 
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EB 
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■Em 

mm 

^■1 

BE 

mS 

bI 

11 
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EB 

wm 
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Hi 

BIS 

1 

12 
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IHI 

HHH 
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Hi 

12 

EE9I 

3,64 

lEOil 

Bai 

^HH 

mi 

■IbI 

12 

2536 

2.67 

ilEll 

EBI 

^■H 

Bn 

BE 

12 

2587 

2.23 

12.6 

2.11 

5.55 

■SSI 

12 

2683 

1.25 

12.2 

2.07 

4.25 

BEI 

BiKM 

7.48 

9 

— L 

- L 

2685 

■m 

BUI 

EES 

HE3.XLS 


“  ^  ^  ~  i  ^  ^  ^ 

1^1 

Pacific  Seawater  Data  of  Dr.  H.  Elderfleld  fin  prep.] 

....  I  ^ 

1 

1 

Map  #21 

SURFACE  WATER 

[pmol/l®] 

STA 

LAT 

LON 

La 

Ce 

Nd 

Sm 

Eu 

Gd 

Dy 

349 

24.25 

128.40 

7.68 

6.61 

1.11 

imi 

ify 

IBm 

lEm 

333 

24.28 

132.80 

5.12 

4.15 

4.84 

1.04 

mm 

1.93 

IBm 

IBm 

275 

24.28 

150.47 

• 

— 

227 

24.27 

167.97 

5.36 

mm 

KEI 

Bm 

1.12 

lEUil 

189 

24.24 

183.25 

4.85 

1  3.80 

mm 

1.42 

1.71 

1.48 

1.01 
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mm 

I^HBI 

■K9 

mm 
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mm 

HB 

iBm 

1C71 

MtlMI 

■QS 

189.26 

5.26 

mm 

Bia 

mam 

Bm 

0.97 

sm 

157 

24.10 

192.83 

4.59 

gil:y 

Bm 

1.65 

1.46 

mm 

KUB 

150 

24.50 

193.27 

4.55 

M>%kM 

Bm 

1.63 

1.46 

■ilBB 

140 

iBm 

4.29 

Tiliy 

BiW 

1.39 

1.66 

1.46 

Em 

128 

BEES 

mm 

5.02 

■l£ii| 

BSI 

1.54 

1.71 

1.52 

116 

3.73 

4.71 

0.96 

0.29 

BUI 

0.98 

mm 

100 

24.25 

208.69 

5.81 

3.52 

4.87 

msM 

KEI 

mm 

BEB 

BBI 

1.00 

mm 

88 

24.23 

213.07 

5.86 

3.39 

4.71 

■i»y 

mm 

B^B 

mii*>m 

1.00 

mm 

81 

24.23 

215.97 

5.82 

1.13 

■iim 

1.75 

2.00 

1.08 

mm 

62 

24.25 

224.38 

7.05 

4.00 

1.00 

BSI 

1.20 

1.85 

Miiy 

1.06 

mm 

56 

24.25 

■la 

mWrm 

Em 

BBI 

1.74 

way 

mm 

46 

25.20 

mam 

■£21 

■ED 

ina 

MAW 

WBM 

1.84 

■m 

mm 

31 

29.05 

236.13 

12.6 

8.69 

2.20 

mm 

mm 

mm 

28 

237.41 

14.1 

7.24 

0.52 

2.55 

mm 

mm 

■EIB 

mm 

26 

MifM 

12.4 

5.89 

8.34 

1.47 

0.40 

2.25 

3.06  i 

1.21 

mm 

12.3 

mm 

1.51 

Emi 

■2211 

1.98 

mmm 

Em 

15.7 

8.54 

1.83 

EEBI 

1^1 

Emi 

2.52 

mm 

■EH 

6.69 

usi 

Emi 

^SM 

MWJfM 

■22B 

HQ 

■liiriri 

Ell 

■EQI 

mami 

Emi 

^1 

2.74 

B>W 

Bi'am 

■■■ 

HIhi 

1 

ZZIl 

1 

b^b 

mnm 

DU 

0.35 

1.97 

2.50 

2.33 

wail 

■uiM 

BESQI 

12.2  [ 

3.90  1 

7,00| 

1.17 

0.33 

2.07 

2.59 

2.52 

1.93 

0.32 

BiiM 

45.00 

142.9 

mm¥m\ 

MEM 

1.34 

Emi 

2.67 

2.41 

1.70 

Emi 

■SB 

39.60 

140.8 

riusai 

BHI 

bdi 

0,87 

■ifMI 

1.37  1 

1.55 

1.41 

0.82 

Emi 

T4  1 

33.00 

139.0 

5.78  1 

■■1 

E^l 

Emi 

1^1 

■mi 

0.88 

0.12 

52 


Table  AlO:  Handbook  section  6.1.  Arctic  Ocean  seawater 

File  name:  ARC_CONC.XLS.  Concentration  of  RE  in  Arctic  Ocean 
seawater  (North  Atlantic  sector) 


53. 


Arctic  Ocean  (North  Atlantic  side) 

arc_conc.xls 

xmfiltered  samples 

CONC  =  pmol/kg 

Depth 

La 

Ce 

Pr 

Nd 

Sm 

Gd 

Dy 

Er 

Yb 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Westerlund  &  Ohman  (1992) 

Sta  310  (82  08.  rN  &  31  58.0’E)  3029  m 


600  22.5 

1000  21.0 

1500  21.0 


18.8 

22.5 

23.9 


4.7 

7. 

3.3 

6. 

1— 

IEEBU^I 


^  4.0 

0.29 

5  4.0 

0.19 

;  4.6 

0.24 

;  5.2 

0.23 

I  4.6 

0.21 

1800 

23.2 

8.6 

2300 

27.5 

14.3 

5.0 

3000 

23.9 

5.7 

4.3 

3500  i 

31.2 

15.0 

5.0 

Sta  362  (85  04.0'N  &  29  21.3’E)  4037  m 


Sta  370  (85  54.0*N  &  22  46.4’E 

)  4552  m  1 

10 

31.9 

15.0 

5.7 

27.1 

6.7 

20 

30.4 

14.3 

6.4 

22.9 

5.3 

30 

33.3 

15.7 

5.7 

27.1 

6.0 

40 

34.1 

16.4 

6.4 

28.5 

6.0 

50 

34.1 

12.9 

5.7 

29.2 

5.3 

60 

30.4 

12.9 

6.4 

28.5 

5.3 

8.9 

8.6 

6.0 

7.0 

8.0 

6.0 

0.22 

0.21 

arc  conc.xls 


Table  All:  Handbook  section  6.1  and  7.1.  Mediterranean  Sea. 

File  name:  MED_CONC.XLS.  Concentration  of  RE  in  the  Mediterranean 
Sea,  including  the  anoxic  brines  of  Bannock  Basin 


56. 


med  conc.xls 


Spivak  &  Wasserburg 

'1988)  Map  #  24  0.4  um  filtered  samples 

\mm 

IS 

14.1 

150 

27.9 

28.0 

400 

32.4 

450 

30.3 

500 

26.6 

|Med-4  (36  04.817^  &  05  59.83’W) 

20  1  1 

1  30.8 

Med-9  (35  37.2’N  &  06  03.8'W: 

^ _ _ 

32.2 

|ALB-I  (35  5574  &  04  2rW) 

0 

16.4 

EMED-I 

0 

khm 

■■■I 

|TTO-TAS  80  (27  50.0*N  &  30  32.0’W) 

^ _ 

13.8 

Station  Outside  of  Med.  Sea  in  North  Atlantic  Map  #  9 

mam 

13.9 

17.9 

|1260 

16.3 

EEfiSHI 

17.1 

20.2 

4724 

26.3 

Henry  et  al.  (1994)  western  Mediterranean  Sea, 

Sta.  VLlle&anche 

unfiltered  samples 

27.5 

^■1 

200 

26.2 

500 

29.5 

2000 

37.7 

040 

54.1 

■HI 

KH 

■■1 

■HI 

Sta.  BAOR,  deqj 

26.4 

» 


58. 


Table  A12:  Handbook  section  7.1.  Anoxic  Basins 

File  name;  BLACKSEA.XLS.  Concentration  of  RE  in  the  Black  Sea 

File  name:  SAANICH.XLS.  Dissolved  and  suspended  concentrations  of 
RE  in  Saanich  Inlet,  British  Columbia,  Canada 

File  name:  CARIACO.XLS.  Concentration  of  RE  in  the  Cariaco  Trench. 
See  also  Chesapeake  Bay  data  in  Table  A3  files 


60. 


Anoxic  Basins 

1 

blacksea.xls 


Black  Sea  Map  #  25 


CONC  =  pmol/kg 

Nd 

Sm 

Eu 

Gd 

h)y 

Schijf,  et.  al.  (1991) 


Sta  BSK2  (43N&34  E) 


0 


30  33.1 


5.52  I  1.45 


4.76 


5.04  I  1.38 


5.03  1.36 


7.40  10.00 


Yb  I  Lu  |Ce/Ce* 


4.20 

5.80 

70  28.4  6.03  16.9  3.69 

85  19.4  3.54  12.2  2.58  |  0.76  |  4.20  |  6.40  I  6.6 

100 _  3.30  7.35  1.55 


107  I  16.8  I  3.95  I  7.23  I  1.44 


2.3 


9  0.96 


115 


56. 


64.5 


90.3 


400  89.7 


3.51 

4.15 

4.16 

7.10 

0.12 

1.11 

0.10 

1.45 


1.67  I  1.00 


German  et  al.  (1991) 


Sta  BS3-6  (43  04'  N  &  34  00'  E) 


91 


96 


100  I  20.1 


5 


24.1 


115  25.2 


1 0.4  um  filtered  samples 

^  ^ ^ - 


7.29 


1  2.46 

1  0.74 

1  2.68  1 

2.97 

0.88 

10.1 

10.1 

9.62 

8.86 

8.60 

8.22 

6.98 

7.03 

6.27 

5.71 

KIM 

6.05 

6.00 

mm 

6.76 

6.71 

7.39 

7.02 

7.09 

7.86 

7.86 

0,57 

0.47 

0.60 

0.65 

61. 


blacksea.xls 


CONC  =  pmol/kg 

— 

— 

Depth 

La 

Ce 

mM 

■a 

■9 

Kl 

Ce/Ce* 

- 

- 

• 

- 

- 

IHSI 

HH 

iBiS 
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35.0 

55.1 

27.1 

5.56 

1.60 

8.39 

IKEiH 
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mm 
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0.82 
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39.3 

63.1 

29.9 

6.13 

1.43 

9.08 
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■cm 

0.84 

mm 
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29.2 
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11.0 

■QRB 
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0.80 

MM 

47.8 

■ESI 
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0.92 

IHBiSI 

mn 

3.32 
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19.3 

14.8 

13.9 

2.26 
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■EOI 

■^1 

mm 
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16.1 

14.3 

2.33 

■SB 
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142 
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13.0 

3.54 
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mm 

Msm 
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1500 

64.7 
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— 

50.5 

10.4 

■SOI 

mam 

11.5 

mm 

Msm 

mmm 

48.1 

■ga 

14.6 

■m 

0.81 

Hsa 

MSM\ 

Ba 

■Mjl 

r  14.1 

mmm 

m^m 

0.80 

2185 

62.8 

52.9 

47.6 

9.67 

2.74 

11.8 

14.5 

11.2 

9.30 

1.72 

0.44 

Schijf  an 

d  De  Ba. 

ar  (1995) 

Data  from  Bosporus 

'ifTlfffl 

Sta.HKS 

■■11 

mm 

^m\ 

8 

31.7 

24.4 

5.61 

1.66 

Mil 

■om 

wm\ 

30 

16.9 

23.5 

5.47 

1.56 

10.6 

9.37 

^m\ 

65 

13.8 

20.2 

4.40 

1.31 

8.13 

1.2 

62 


63. 


CARIACO.XLS 


cariaco.: 

<is 

— 

Anc 

)xic  Basins 

Cariaco  Tren< 

(10  4 

B’N  &  6i 

35*W) 

Map  #  J 

>7 

DeBa 

rr  et.  al. 

(1988) 

1. 

0  urn  filtered  samples 

Depth 

La 

Ce 

Nd 

Sm 

Eu 

Gd 

Dy 

Er 

Yb 

Lu 

Ce/Ce^ 

“ 

- 

- 

. 

5 

19.4 

mxm 

— 

6.85 

5.44 

4.31 

0.62 

'IM 

50 

15.5 

12.1 

14.8 

3.27 

— 

3.51 

119 

■■■ 

10.3 

13.6 

3.06 

HU 

mxm 

150 

HEH 

mm 

■EH 

mmm 

IIIEH 

mgrm 

9^9 

9.5 

na 

mam 

mmm 

WESSM 

^.53 

0,43 

0  1R 

HEtts] 

11.5 

4.4 

8.4 

1.68 

0.46 

■tXUB 

mm 

mixm 

mw^m 

0.40 

12.8 

20.7 

10.2 

2.05 

liM 

■m 

mS 

041 

■HEM 

1  2^2 

AKfiSy^li 

mmm 

■BM 

3.64 

2.93 

BZ3I 

■SBl 

29.9 

■m 

3.50 

2.94 

2.65 

HEBHI 

Mkf.-V 

EMM 

^3.83 

3.09 

mhhm 

HSHI 

mm 

3.84 

2.97 

1  09 

i5.y 

Km 

— 

1  08 

19.5 

41,3 

mSKM 

2.91 

0.77 

3.28 

ai:VJB 

1  n 

377 

21.4 

45.8 

3.11 

0,82 

4.34 

3.32 

■ItM 

HHI 

496 

21.3 

53.7 

20.4 

3.98 

0,97 

5.22 

4.83 

■BBl 

K^Si 

HSH 

55,1 

20.1 

4.19 

5,42 

3.74 

mam\ 

■son 

mSSM 

BBKI 

4.61 

HBH 

23.2 

48.8 

18.9 

3.98 

Msm 

■■11 

3.49 

2.94 

■ItM 

{■ESSI 

55.4 

21.1 

4.67 

Em 

■mi 

3.92 

3.17 

0.50 

1  iJiyi 

23.3 

51.0 

19.7 

4.16 

1.07 

mmm 

Etm 

3.63 

3.19 

1.11 

r 


Table  A13:  Handbook  section  7.2.  Marine  Pore  Waters 

File  name:  PW_REE.XLS.  Concentration  of  RE  in  pore  waters 
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pw_REE.xls 

Pore  Water  Concentrations 


Sholkovitz  et  al.  (1989),  Buzzards  Bay,  MA,  USA 

pmol/k 

g 

La 

Ce 

Nd 

Sm 

Bu 

<3d 

Dy 

Br 

Yb 

Lu 

Ce 

1 

Anom. 

1  m  Water  Column 

49.3 

95.3 

75.3 

7.35 

1.72 

1  8.02 

5  m  Water  Column 

48.6 

81.5 

45.2 

7.73 

1.71 

10 

11.2 

^.85 

Oi 

VO 

00 

1.42 

0.82 

14  m  Water  Column 

74 

106 

76.9 

11.7 

2.58 

14.5 

14.8 

11 

10.5 

1.71 

0.68 

61.8 

145 

38.3 

6.5 

BSl 

8.76 

10.5 

8.72 

;  1.43 

BSl 

Pore  Water*  Depth 

(cm) 

0-3  1 

1  117 

428 

93.1 

19 

33-36 


36-39 

39-42 


42-45 


251  47.3  229 


33.7  169 

210  139.2  198 


80 

12 

1.18 

1.12 

194 

109 

104 

16.2 

1.14 

151  91.4 

172  102 


91  14.9 

103  16.7 


3.38 

19.5 

23.4  4.97  26.5 


11-13 


13-15 

17-19 

23-25 

27-29 


— 

121 

114 

24.7 

23.4 

5.06 

4.84 

27.1 

26.3 

25.3 

18 

17.8 

18.8 

18.6 

3.07 

274 

52.5 

10.4 

28.6 

13.61 59.81 61.41 35.91 34.2  5.49 

13.2  66.2  62.2  36.1  32.1  5.5 

19.7  87.3  83.4  48.8  48.5  7.77 


30.8 


127 

73 

68.6 

10.8 

32.4 

160 

152 

97.1 

103 

17.5 

1.29 

19.8 

102 

104 

75.4 

85.3 

1.58 

Elderfield  and  Sholkovitz  (1987),  Buzzards  Bay,  MA,  USA _ 

I  I  La  I  Ce  I  Nd  I  Sn  I  Ett  I  Qd  I  Dy  Er  Yb  |  Lu 
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